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'LIIHUHQW QH[W JHQHUDWLRQZLUHOHVV QHWZRUN WHFKQRORJLHV DUH GHYHORSHG WR SURYLGH EHWWHU VHUYLFHV WR WKH FRPPXQLW\:01 LV
FRQVLGHUHG DV DQRYHOZLUHOHVVQHWZRUN DUFKHW\SH DV LW GRHVQRW UHO\RQ DQ\ RI WKH IL[HG LQIUDVWUXFWXUHV+RZHYHU WKHUH H[LVW
VRPH FKDOOHQJLQJ LVVXHV LQ GHVLJQLQJ RI WKH:01 VXFK DV YXOQHUDELOLW\ WRZDUGVPDOLFLRXV DWWDFNV DQG FRPPXQLFDWLRQ FRVW
6HYHUDOURXWLQJSURWRFROVLH$5$16$2'9RU7$2'9KDYHEHHQSURSRVHGEXWOHDGWRDERYHPHQWLRQHGGUDZEDFNV,QWKLV
SDSHU DQRYHODSSURDFK IRU6HFXUH5RXWLQJ3URWRFRO LVSURSRVHGZKLFK RYHUFRPHVGUDZEDFNV OLNHKLJKFRPPXQLFDWLRQFRVW
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ZKHUHHDFKGHYLFHFDQXQVZHUYLQJO\FRQYHUVHZLWKDQ\RWKHUGHYLFHZLWKLQLWVEURDGFDVWLQJUDQJHVZKLOHLQPHVK
QHWZRUNV HDFK GHYLFH DFWV DV D URXWHU DQG KDV WKH SURILFLHQF\ WR UHWUDQVPLW WKH GDWD WR D WDUJHW QRGH $GKRF
QHWZRUNLVFRQVLGHUHGDVDVXEVHWRI:01%DVHGRQWKHIXQFWLRQDOLW\QRGHV:01DUFKLWHFWXUHDVVKRZQLQILJXUH
LVFODVVLILHGLQWRWKUHHPDLQJURXSVLLQIUDVWUXFWXUHEDFNERQH:01LLFOLHQW:01DQGLLLK\EULG:01$OO
WKH WKUHHDUFKLWHFWXUHVRI:01FRQVLVWRI WKUHH W\SHVRIQRGHV:01FOLHQW:01URXWHUDQG:01JDWHZD\ 
:01FOLHQWLVWKHWHUPLQDWLRQXVHUGHYLFHWKDWDFFHVVHVWKHV\VWHPIRUXVLQJWKHHPDLO9R,3JDPLQJDQGORFDWLRQ





WKH\ KDYH PXOWLSOH LQWHUIDFHV WR FRQQHFW WR ZLUHGZLUHOHVV QHWZRUNV >@:LUHOHVV 0HVK 1HWZRUN DXJPHQWV WKH




RQ D QHWZRUN LV D ELJ FRQFHUQ 1R FRPSXWHU QHWZRUN LV FRPSOHWHO\ VHFXUH >@ :LUHOHVV PHVK QHWZRUNV
JXDUDQWHHWREURDGHQWKHKLJKVSHHGZLUHOHVVFRQQHFWLYLW\DKHDGRIZKDWLVSRVVLEOHZLWKWKHFXUUHQW:L)L





WKHVHFXULW\ WHFKQLTXHV LVYHU\ LPSRUWDQW IRU WKHUHVHDUFKEHLQJSHUIRUPHGWRGD\$QHWZRUN LV DVXEMHFW WRDWWDFN
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7KLV VHFWLRQGLVFXVVHV YDULRXV H[LVWLQJ VHFXULW\ URXWLQJSURWRFROV7KH URXWLQJSURWRFROV HVWDEOLVKHG IRU DGKRF











7R SURYLGH WKH DXWKHQWLFDWLRQ DJDLQVW DGYHUVDULHV $5$1 FXVWRPL]HV FU\SWRJUDSKLF FHUWLILFDWHV WR PHHW WKH
VHFXULW\JRDOV7KHURXWHGHWHFWLRQSURFHVVLQ$5$1LVSURILFLHQWE\EURDGFDVWLQJDURXWHGLVFRYHU\PHVVDJH5'0
ZKLOHURXWHUHSO\PHVVDJHVDUHSURSDJDWHGLQXQLFDVWIDVKLRQ'XULQJURXWLQJDOOWKHQRGHVKDYHWKHNQRZOHGJHRI
FHUWLILFDWH DVVLJQHG E\ ODEHOHG&$ &HUWLILFDWH $XWKRULW\:KHQHYHU D QHZ QRGH 0HVK5RXWHU RU0HVK&OLHQW
HQWHUVLQWRDQHWZRUNLWPXVWUHFHLYHDFHUWLILFDWHIURP&$DVVKRZQLQILJXUH7KHFHUWLILFDWHDVVLJQHGE\&$
LQFOXGHV3XNH\RIWKHQRGHLVVXDQFHDQGH[SLUDWLRQWLPHRIWKHQRGHGDWHRIFHUWLILFDWHDQG,3DGGUHVVRIWKHQHZ




    





6WHS 1RGH%YHULILHV WKH VLJQDWXUHE\ LGHQWLI\LQJ WKH VHULDOQXPEHUDQGVRXUFHSXNH\E\GHWDFKLQJQRGH¶V$
VLJQDWXUHDQGVHQGVWKHFRUUHVSRQGLQJSDFNDJHDIWHUVLJQLQJLWWRQRGH'
 
































D UDQGRPOLQNDQGKDVKHV LW77/KLJKHVWQXPEHURI MXPSVDOORZHGIRUDSDFNDJH WLPHV$V LQ WKLVFDVHKDVKHV
WLPHVDV LQWHUPHGLDWHQRGHVDUH WKHUH2WKHUKDQGKDVKFKDLQVGHYHORSHGXVLQJUDQGRPOLQNVDQGKDVKLQJ LW LQ
HYHU\VWHSLVDGGHGWRWKHKHDGHURISDFNDJHDV 
1RZQRGH UHFHLYHV WKHSDFNDJH LW H[SORUHZKHWKHU WZR OLQNVDGGHG WR WKHKHDGHUDUH HTXDO ,I WKH\DUHHTXDO
UHFHLYHU QRGH FRQILUPV WKH DFFXUDF\ RI MXPS QRGH LQFUHDVHV WKH MXPS E\ RQH DQG SHUIRUP WKH KDVKLQJ DJDLQ
6$2'9DOVRXVHVHOHFWURQLF VLJQDWXUH6RXUFHQRGH6VLJQV WKHSDFNDJHEHIRUHVHQGLQJZKLOH LQWHUPHGLDWHQRGHV
RQO\YDOLGDWHLWDORQJWKHURXWH7KHVDPHSURFHGXUHDSSOLHVLQUHYHUVHGLUHFWLRQ
















7KH WZR URXWLQJSURWRFROVDVGLVFXVVHGDERYH LQFOXGHVFHUWDLQ W\SHRIGUDZEDFNV LH WLPHFRQVXPLQJ DVHDFK
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/HWVRXUFH6ZDQWVWRFRPPXQLFDWHZLWKGHVWLQDWLRQQRGH'IROORZLQJVWHSVZLOOKDSSHQ6VHQGVWKHPHVVDJHWR
$ DV  7KHQ $ VHQGV WKH SDFNHW DIWHU YHULILFDWLRQ WR QRGH % DV
DVVKRZQLQILJXUH
$V SDFNHW UHDFKHV WR QRGH % LW YHULILHV WKH WLFNHW DQG IRUZDUGV WKH SDFNHW E\ UHPRYLQJ SUHYLRXV WLFNHWV DQG
























7R LPSURYH WKH UHFLWDO RI WKH QHWZRUN DV D UHSODFHPHQW RI$2'9 URXWLQJ SURWRFRO DQ\ VKRUWHVW SDWK URXWLQJ
DOJRULWKP FDQ EH XVHG $IWHU SDWK HVWDEOLVKPHQW WR SURYLGH WKH VHFXULW\ LQVLGH WKH QHWZRUN WLFNHWV DQG 3U NH\
JHQHUDWRUVDUHXVHG
 
)LJ(65SURWRFRO    )LJ(65SURWRFRO
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7LFNHW$VVLJQPHQW
:KHQHYHUQHZ0HVK5RXWHU05RU0HVK&OLHQW0&HQWHUVLQWRWKHQHWZRUNERWK05DQG0&KDYHWRJHW
WKHLU WLFNHWV IURP &$ LQ RUGHU WR SURYLGH WKH VHFXULW\ GXULQJ URXWLQJ 7LFNHW RI ERWK 05 DQG 0& FRQWDLQ
 
3ULYDWH3UNH\*HQHUDWRU
3UNH\JHQHUDWRUZLOOEHXVHGRQO\GXULQJ WUDQVIRUPLQJ WKHSDFNHW IURPVRXUFH6 WR GHVWLQDWLRQ'(DFKSDLUHG

































 7RSURYH WKHDERYHUHVXOWV VLPXODWLRQRIGLVFXVVHGURXWLQJSURWRFROV LH$5$16$2'97$2'9DQG
(65LVGRQHLQQVDQGWKHUHVXOWVDUHVKRZQLQVHFWLRQ,9
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3HUIRUPDQFH(YDOXDWLRQ
&RPSXWDWLRQDO2YHUKHDGLVWDNHQDVDQLPSRUWDQWSDUDPHWHUWRSURYHWKHDXWKHQWLFLW\RIWKHSURSRVHGDSSURDFK
&RPSXWDWLRQDO RYHUKHDG LV GHILQHG DV WKH PLQLPXP QXPEHU RI VWHSV RU FRPSXWDWLRQV RYHUKHDG WKDW D VHFXULW\
SURWRFROWDNHVZLWKURXWLQJDOJRULWKP,QFDVHRIDV\PPHWULF3X3UNH\VFRGLQJDQH[WUDRYHUKHDGDQGPHPRU\LV
UHTXLUHGWRSURYLGHWKHVHFXULW\WRWKHQHWZRUN$V$5$16$2'9DQG7$2'9XVHDV\PPHWULFFRGLQJDQGUHO\RQ
D FHQWUDOL]HG VHUYHU VR WKH QXPEHU RI FRPPXQLFDWLRQ VWHSV LQFUHDVH EHWZHHQ WKH FOLHQWVHUYHU DQG VHUYHUVHUYHU
:KLOHLQFDVHRI(65DGHFHQWUDOL]HGDSSURDFKLVXVHGLQZKLFKD3UNH\JHQHUDWRULVXVHGGXULQJURXWLQJSURFHVV
RQO\%HFDXVH RI OHVV QXPEHU RI FRPSXWDWLRQDO VWHSV DQGPLQLPXP LQWHUDFWLRQZLWK 3U NH\ JHQHUDWRU VHFXULW\ LV
SURYLGHGZLWKPLQLPXPQXPEHURISKDVHV
7KHVLPXODWLRQUHVXOWVRI$5$16$2'97$2'9DQG(65DUHVKRZQEHORZDQGLWLVSURYHGWKDW(65LVPRUH
HIILFLHQW DQG VHFXUHV URXWLQJ SURWRFRO LQ FRPSDULVRQ WR DOO $5$1 6$2'9 7$2'9 XVH DV\PPHWULF FRGLQJ
WHFKQLTXH VR WKH FRUUHVSRQGLQJ FRPSXWDWLRQ FRVW RI DOO WKHVH DW HDFK QRGH LV YHU\ KLJK 7$2'9 LV HQKDQFHG
SURWRFRORYHU$5$16$2'96RDVWKHQXPEHURIQRGHVDUHLQFUHDVHFRVWDWHDFKQRGHLQFUHDVHVVLPXOWDQHRXVO\












1QRGHV $5$1 6$2'9 7$2'9 (65
    
    
    
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